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UNITED STATES l:NVIRONMENTAL PROTECTION AGENCY 

MEMORANDUM 

DATE: October 11 th, 2006 

WASHINGTON, D.C. 20460 

OFFICE OF 
PREVENTION, PESTICIDES 
AND TOXIC SUBSTANCES 

SUBJECT: Aldicarb: Acute Dietary Exposure Assessment to Support the Reregistration 
Eligibility Decision 
PC Code: 098301 

FROM: Steven M. Nako, Statistician 
Chemistry and Exposure Branch 
OPP\Health Effects Division (7509(1-1-) 

Jianping Xue, Research Physical Scientist 
Exposure Modeling Research Branch 
ORD\NERL\Human Exposure and Atmospheric Sciences Division (E205-D2) 

THROUGH: David J. Miller, Chief 
Chemistry and Exposure Branch 
Health Effects Division (7509~¥) 

TO: .,.,:, .... . ;,,,,,,,Risk Assessor 

Give branch 
OPP\Health Effects Division {7509C) 

The Special Review and Reregistration Division > •·•· '' ·· , .. ,., ... , ... ,., .... , .. , ...... , .... ,. HED V· assess 
dietary risks to aldicarb to support its Reregistration EL gibility Decision. The acute adverse 
effect of cholinesterase inhibition tends to reverse itself ~,vithin hours following exposure to 
aldicarb. The available toxicological data indicates that aldicarb has an estimated half-life for 
RBC cholinesterase inhibition oftwoi hours.(wordi11g)based on data from rnts and human 
subiecls. Since the food diaries used by Dietary Exposure Evaluation Model-Food Consumption 
Intake Database (DEEM-FCID Version 2.03) are based on total daily intake, the estimated risks 

', ·.•. • will overestimate risks to the exlenl that foods and drinking waler are 
consumed throughout the day, rather than during only one event. To account for potential 
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n•yersibility in tm,icological effect:provide a better approximlltion oftlie potentilll exposure 
leading lo peak RBC ChE inhibition, w-e--p()lential exposure from fo()d and/or waler t() aldicarb 
,vascompc:ted the exposures and cmm:latixe risks computed the day" 
This C()mputalion was made bv -incorporatro~i:ig Hlts-time 2Ltlc0-_y_and amounts consumed--fr1r--&-a<c;h 
C('.J'.f<l~:r;~iJi,ir; ,~atin;::_~l_l1xjxJ_g ,~rlr,:_LLoccasion from the USDA CSFII food diaries. The potential for 
accumulation of t()xicitv was acc()unted for by computing_the _ degree lo which exposures could 
be discounted between exposure occasions, assumirn1. a two-hour half-lifr.,. lo e:.;timale 
exposures and risk,; on each eating occasion throughout the day. 
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._.,:•>> .. •.::•:•••.• .. •.••••••••••••••·•••·i••••••••>•: .. i:•• •••••••••••• .. !ii)\}: ... txphlin.~:s.-a,,tly.·•:·•hJ! .. i>•·:;,•.•·:••:?••· Section IV summarizes 
some exploratory analvses of drinking wllter consumption patterns. Bayer CropScience 
sp()nsored a Drinking Water Consumpti()n Survev(DWCSL collecting 7 dav diaries from over 
4,000 participants. These darn were used to conduct an llltemative dietarv exposure analvses, in 
which these DWCS diaries were used to empiricallv allocate direct drinking waler consumption 
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wern--peFfom10d--on--the--hal.f-l-i-fo-parnm-e-ter--to-as-sess--how-robu;;t-llw-es-t-imat-e<l-r-is-k-s-w<:Jre--to-ll1is 
parameter. \!,' e foaml that the risks at the 99. 9th percentil@ does not change si · · '", y vilien 

·· · · · · · · · " ,J fr,c3m 2 hours-w J m:,urs-, 
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Figure 1. SHEDS-Based Estimated Risks {%a PAD) for Infants GA 300 fl Setback 
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I ii. Introduction 

99 

Percentile 

99.2 99.4 99.6 99.8 100 

Aldicarb is a member nf the N-methyl carbamate (NMC) pesticides cnmmnn mechanism gg1_L1p_, 
Like other NMCs. aldicarb inhibits acdvlcholinesterase (AChE) bv carbamvlation of the se1ine 
hydroxvl group loc:1ted in the active site of the enzyme. N MC toxicity is cl1:1rncterized by 
maximal inhibition of cholinesterase which occurs rapidlv frillowed bv recovery typically 
occurring within hours. A key consideration in risk :1ssessment is appropriate matching oftl1i: 
duration of exposure with the duration of the toxic effect. Typicallv, HED's food and water 
exposure assessments sum exposures over a 24 hour period. This 24 hour total is typically used 
in acme dietarv risk assessment. In the case of the a!dicarb. because of the rapid nature of 
:1 ldicarb toxicity and recoverv, it may be appropriate to consider durations of exposure less than 
24 hours. Conceptual!v, a phvsiologically-based pharmacnkinetic model andior binlngically~ 
based dose-response model would be av:1ilable to :1ccount for the dvnm11ic n:1ture of exposure. 
absorption, toxicity. recovery. and elimination of aldicarb in animals and humans. However._ 
such as model does no! exist at this lime. m the interim. HED has developed ar1 analvsis using 
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information libont external exposure, timing of exposure within a ,fay. and hli lf-life of Ch E 
inhibition from rats and humans to estimate risk to aldicarb at duratinns less than 24 lmurs. 
Specifically, HED hlis evliluated individtml eating mid drinking occasions mid used the ChE hlilf
lifo information to estimate the residual effects from aldicarb from previous exposures within the 
dav. 

""1=·a=b=k=: =xx==· =b=e=lc=l\==Y="p=r=0\~11=d=e=s=in=i=c=ll=n=ia=t=io=n=i=_in==tl=l(=c =1\='(';=. o~v=e=n'=· =o=f=C=h=E=s' =inh==ib=1=· l=i(=)ll=l=· n=r=·a=b=·· =ar=K=l =h=u=n=ia=n=------~---------{ Formatted: Highlight 

subjects. Fnr both species. the recnverv half-life fnr RBC ChF inhibition is approximatelv two 
hours. Al hi2l:1 doses in rat the half-life is up lo approximatelv 6 hours in females. The 
estimates of half-life lit the lower doses lire most relevant for risk lissessment and are thus the 
focus here. 
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II. Dietary Inputs: Anticipated Residues 

a Anticipated Residues-Food 

Table 2 presents the dietary inputs ttw.rwere used in both the DEEM-based eating occasion and 
and SHEDS simulations. These anticipated residues are based on the most updated food residues 
(PDP (what v,:ars) and -- ,,vb,;1\: rbiee infrmnatwn j:i nol ,1vmlabk -- lhe Carbamate Market 
Basket Survey [1mk fr,,m DJJ\,1: the iahle ,k,w, field tri,1 i re,i<lue, being used for [KC,rn, [.{1%ot<f 
.frBnP!:M,Ptf¥Hff!Hitb:'1ffah hIY.1J{rfiY·?-r1ipffflf Yhif/1.f:PP ,{f.,{1%?frq1,y,Jr€1%1{/llt??.N·?fa1%? 
ffiif!?htff,)lf·hE,·WH#!d?-J, processing factors, percent crop treated estimates, and predicted 
drinking water concentrations. These data are presented and described in detail in the Aldicarb 
Dietary Risk Assessment memo, Fort (2006). Following Fort (2006), both food and drinking 
water concentrations model inputs are exDre,sed in in aldicarb sulfone equivalents. The results 
from the probabilistic risk assessment models (DEEM and SHEDS) were then converted into 
aldicarb (parent) equivalents (by multiplying 0.86), and these adjusted exposures are used to 
calculate risk, based on the acute population adjusted dose (aPAD), which is ,:xpress,:d jn in 
aldicarb parent equivalents. 

27GFctffrdf Grapefruit Carbamate MBS (NB, Fresh) 213 25% 53 0.00147-0.02906 

28GFctljudf Grapefruit Carbamate MBS (PB, Proc.) 162 33% 53 0.00147-0.02906 

34LEctffrdf Lemon Carbamate MBS 1778 3% 53 0.00147-0.02906 

33Llctffrdf Lime Carbamate MBS 762 7% 53 0.00147-0.02906 

l 6OGctffrdf Orange Carbamate MBS (NB, Fresh) 399 13% 52 0.00147-0.02906 

l 70Gctfp.rdf Orange Carbamate MBS (PB, Proc.) 399 23% 92 0.00147-0.02906 

lPecanft.rdf Pecan Field Trial 275 8% 22 0.005-0.27 

46POmnft.rdf Potato PDP (NB, Fresh) 3200 5% 160 0.00758-0.40232 

47POmppr.rdf Potato PDP (PB. Proc.) 1425 24% 342 0.00758-0.17292 

55S\Vmssp.rdf Sweet Potato PDP (NB, Fresh) 432 37% 160 0.00758-0.40232 

56S\Vmcsp.rdf Sweet Potato PDP (PB. Proc.) 1755 37% 650 0.00801-0.11825 

a Predicted Drinking Water Concentrations 

Table 3 presents the drinking water inputs were used in the eating occasion analyses. Fort 
(2006) provides further description of these ~cenariosl. Tabl@ 11 provides a simpl@ calcuhtio11 of 
rtsk-based-{-m--s{arnkmJ.-ass-umplcions--regardi-ng-dri-nki-ng--wak-r-0{-ms-umplcioHc-·· ' 
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Table 3. Modeled Drinking Water Scenarios (aldicarb equiv.) 

Aid icarb _ GACoastalGW _ 300. csv 
Aid icarb _ GACoastalGW _ 500. csv 
Aldicarb_GACoastalGW _ 1000.csv 

Aldicarb_GW_FLCit30.csv 
Aldicarb_NCCoastalGW _300.csv 

Predicted Drinking Water Concentrations 

10% 2.4 1.4 0.3 
25% 2.8 1.6 0.4 
50% 3.2 1.9 0.5 
75% 4.2 2.4 0.6 
90% 4.8 2.8 0.7 
80% 4.4 2.5 0.6 
90% 4.8 2.8 0.7 
95% 5.2 3.0 0.7 

97.5% 5.5 3.1 0.8 
99% 6.0 3.5 0.8 
100% 6.5 3.7 0.9 

Amount-Wa!BrGonsumed-{litarsi-day) 

Drinking 'Nater Cencentratien. ppb (ug ai/Li:er) 

Dr-inkmgWatef Exposurn-(ll§ aii-day) 

Dr-inkmg Watef Exposurn-(mgaitday) 
Bodyweight (kg) 

Drinking Water Exposure (mg ai/kg bwt.'day) 

aAAD 
Gornp<Jtod _E_s_ti_rn_a_t9d __ Risk.: 

CBD v. EPA (1 :21-cv-00681-CJN) 
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GA 300ft setback 
GA 500ft setback 
GA 1000ft setback 
FL 1000ft setback 
NC 300ft setback 
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Method for Estimating Exposure Based Risks on Eating/Drinl,iug Occasions_: __ _ Commented [A3]: The baseline table should be moved lo here 
for both SHEDs and DEEM. Baseline is the 'starting point' and 
should be given first The EO stuff is a refinement of the baseJllle 

Baseline .Analvsis .. ,. ~ .. here.. ::-·F·~;~~-tt~d·;·s~ii~t;·~~-d-N~-~b~-~i~Q-··· 
~.A_-e_--€_•m_n_t_in-g~_--f_<_ff_··R_-e_v'_e1_'li_'l-_h_il_i-t~•V_··t_n_-·C_-·-_n_,J-l_i_n_e_s-t_-e_r_-a1,_c'e_-_I-n_h-_l_

0

·h_i_tio_n ___________ ~·' · ,.,·',,i· Formatted: Highlight 

.,,Subsedt(m Needs "%,V,wk.,.,, 
()ver the !m;t few years, the Agency pre~;cnted several methods for addressing thi,· half 
hfo--is&ue-, 
in tvio SAP meeting:: on the NtvIC CR:\ 
Niwember--J-01Ji,.200J,-'-'P.hys-iologi,;a1ly-Eas,x1--Phannacokineti,;/Ph-annacmlyn-am-ic 
lVJodehng: Pre1imina.ry Evah1ation and Case Stady for the N lVlethyl Carbamate 
Pe-,,t.icides 
Decemher 3"1, 2001 HFRA Science Advi::ory Panel Meeting "The N l\<Jethyl Carbamate 
Cmmitative--Ri-sk--A-,,ses-sme,nt--Skakgie-&-and-Me-thodHk,gie-s--fr,f--E-N.-p,-,s-are--A-sse-&smenf'--([ 

>,,i Formatted: Highlight 

Formatted: Indent: Left: 0.5'' 

HYPERLINK "http://www.epa.gov/scipoly/sap/meetings/2004/index.htm" -·----~··/·/{ Formatted: Highlight 

Decemherl,2004-lhe of Ph-arm-acokine+i-cDa-ta toRefine-GarbarylRi-,,kEstimates 
from Oral and Dermal E1lposure 

Bottom Li:ne: applying logie of penk v: .. AUC, but thi: .. is m1 exposure modeling exernise: 
no ahsorbed do~;e, and certainly no PBPK'PK effect,· ... maybe next year. 

[ Formatted: Superscript 

CBD v. EPA (1 :21-cv-00681-CJN) ED_005427A_00024804-00009 



------ DRAFT- (Aldicarb_Summary_EO_101106.doc)- DRAFT------

ga. DEEM-Based Eating Occasion Analyses 

The DEEM-FCID model has been used extensively by the Agency to conduct probabilistic 
dietary risk assessments. The overall concept has been reviewed .·•·•·•·•·• ... ·•·••n••··•·••·•·•··•··•··•.. a FIFRA 
Science Advisory Panel in 2000 (http://www.epa.gov/scipoly/sap/meetings/2000/index.htm). A 
general overview of the DEEM model is provided in each dietary risk assessment, and is not 
reproduced here. As noted in the DEEM reports, 
•·····•••···•···•··••··••··•·•···•··••······•···••···•-'-····•··•: ........... :.: ... •.•···•··•··•··••:•••:•:i:•.·.:·DEEM simulates dietary exposure by randomly drawing a 
residue for each commodity-food fonn, and multiplies that by the total amount consumed 
throughout the 

To the extent that the individual may 
have consumed those foods and drinking water throughout the day, the timing and amounts of 
those exposures on each of those eating occasions is not provided by the DEEM model. 
However, since that information is available in the USDA CSFTI food diaries, we can use that 

CBD v. EPA (1 :21-cv-00681-CJN) ED_005427A_00024804-00010 
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data, together with the DEEM simulated outputs to obtain a DEEM-based estimate of dietary 
exposure by eating occasion. This Sec lion highlights the mechanics of those calculations. 

Figure.·.· depicts outputs from the three different DEEM-FCID reports: (i) Summary Table, (ii) 
Plot File, and (iii) Critical Exposure Commodity (CEC) Analyses. The summary table, depicted 
in Figure .·•·• a, displays the estimated exposure and risks (o/oaPAD) al the per capita 951

\ 99th
, and 

99. 9th percentiles. This report also specifies the percent of all food diaries that are 'users'. A 
food diary is considered a 'user' if one or more of the foods for which anticipated residues have 
been assigned, including drinking water, was consumed. In this example, 89.38% of all infant-
diar·ies are 'users'; 1.,v,,,,u,1111u.s; any of the , foods 
and/or drinking water (Section III provides further description on Drinking Water Consumption 
patterns). The Plot File presents the total number of diaries (N=2,940), the total projected 
person-days (N=7,548,892), and the projected person-days in each 'exposure bin' for all 
'simulated users'. based on the number of iterations specified in the \ >:onte (· .. ar·lo simulation 
(200 iterations). The data in this plot file can be used lo construct the projected per capita 
estimates for the entire subpopulation, as depicted in Figure • i b. 

· · · T>. 'CEC' report provides a summary of exposure at the upper percentile. The first 
half of the CEC report provides shares of lolal exposure by commodity; in this case, indirect 
water, food form=l30 accounts for 63.52% of total exposures between the 95 th and 100th 

percentile. This indirect drinking water is primarily infant formula, with food form=l30 
( cooking status=uncooked, form=dried, cooking method=not specified) referring to the powder 
component. Other forms of both direct and indirect drinking water, as well as foods, constitute 
the remaining shares of total exposure at this upper percentile. In this case, the top 5% of 
simulated exposure diaries are saved in this output file. 

The second part of the CEC report provides the foods consumed and residues drawn for all 
simulated diar·ies at,, .. •·+ 95 th through 100th percentile. Figure le presents a few selected 
simulated diaries; the total number of diaries in this top 5 percentile is determined by the total 
number of diaries in the subpopulation (N=2,940), the total number of iterations (200 iterations), 
and the sampling weights for the simulated diaries that tend to fall in this upper percentile. 

The individual demographic information is provided (CSFTI Household-Person-Day 
identification) so that one can go back to the USDA CSFII food diaries to link other information 
that is not used by the DEEM model. For the eating occasion analyses, ·• · · ·•• : ·•. ,-/ information 
on the amount and timing of all eating occasions••••·· · · ,.: ·•-'.:/ from the CSFll diaries, and 
merged n,,.,: d.:::i,-: with the 

·.: output from the CEC report. This process is 
depicted in Figure 2. Figure 2 a. depicts the exposure for a particular simulated diary. 

In this example, DEEM outputed 29,138 person-days (records), from this simulation. The 
DEEM CEC report has the following limitations: (i) a maximum of 40,000 records is outputted, 
(ii) the lower interval for which CEC focuses upon is the 95 th percentile (any range between 95 th 
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and 100th percentile), (iii) foods contributing less than 1 % of the simulated daily exposure are not 
saved in the simulated output (lower half). i: • · 

Agency risk assessors typically specify 1,000 iterations when conducting 
probabilistic risk assessments using DEEM, since the model is extremely efficient and quick in 
conducting the Monte Carlo simulations. However, due to the limitations listed above, fewer 
iterations were specified \o,•.to obtain a complete set ofrecords for the Top 5 percent. . ._: : 

CBD v. EPA (1 :21-cv-00681-CJN) ED_005427A_00024804-00012 
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Daily totals for focid and foodform consumption used. 
MC iterations = 200 MC list in residue file MC seed = 10 

Summary calculations capita) : 
Percentile 

Exposure aRfD 

All infants: 
Aldicarb Equiv./ 1 

Percent of 

0. 000852 
0.000733 

Lll .14 
112.78 

99th Percentile 
Exposure aRfD 

0.001318 
0.001133 

202.79 
174.39 

User-Days= 89.38% 

99. 9th Percentile 
Exposure aRfD 

0.002171 
0.001867 

333.99 
287.23 

(parent) equivalents by multiplying (0.8G). 

Total person days (we1ghted & unwe1ghted) = 
Total user days (weighted & unweighted) = 
Bin totals based on 200 iterations. 

0.1 

0.01 

0.001 

0.0001 

0.00001 

0.000001 

t 5% 10% 15% 20% 25% 30% 

~ 
I 

Low percentile for CEC records: 95 
percentile for CEC records: 100 

of actual records in this 

35% 40% 45% 

Food, FF, Percent, Food Name 

7548892, 
6747448, 

2 940 
2 642 

50% 55% 60% 65% 70% 75% 80% 85% 90% 

0. 000852 
0. 010137 

95% 11 

_,,,, 

86020000, 130, 

N 

20921, 
16747, 

4 772, 

63.52%, Water, indirect, all sources-Uncooked; Dried; Cook Meth N/S 
86010000, 110, 12.61%, Water, direct, sources--Uncociked; Fresh or N/S; CookM N/S 
86020000, 240, 10.61%, Water, indirect, all sources-Coo:k.ed; Canned; Cook Meth N/S 

1033660, 211, 48, 
105, 

for different commodities and comrnodity--food forms 
0.32%, Sweet potato-Cooked; Fresh or N/S; Baked 

1033000, 212, 0.24%, Potato, tuber, w/o peel-Cooked; Fresh or Boiled 
95002640, 210, 0.00%, Peanut, butter-Cooked; Fresh or N/S; Cook Meth N/S 

Demographic data for each record, Exposure contribution data by food (Selected Records) : 
PID, HI-1-Indiv, Day,Sex, Age, Bw-Jt:.g, Nf, Nx, Tot 

Food, FF, Amt (g), Residue , Adj-#1, AdJ-#2, 
19984 ,46309-02, 2 ,M ,lOM 9.99 2 1, 0.0101373 

1033660 ,211, 246.1 , 0.402325 J .00 1.00 0.0099013 
86020000 ,240, 368.3, 0.003900 1.00 1.00 0.0001436 

Percnt 
184 4 , 

97.67 
1. 42 

18391 , 26837--02 , 2 ,M , lM 3. 63 1 , 0. 0035422 , 3066 , 
86010000 , 110, 118. 3 0. 006300 l. 00 1. 00 0. 0002050 5. 79 
86020000 , 130, 1926 .1 , 0. 006300 1. 00 1. 00 0. 0033370 94. 
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Data on the tiniing and amounts of foods and indirect drinking water throughout the day are taken from the CSFII food diaries, and merged into 
the respective DEEM CEC diaries to obtain eating occasion estimates. Assumptions are required regarding the timing and amounts of direct 
drinking water consumption since that infonnation is not available in CSFII. One option, depicted here, is to equally allocate the total amount 
over six fixed events: 240 minutes after midnight or 6 am, 9 am, 12 noon, 3 pm, 6 pm, and 9 pm. For this particular simulation, total exposure for 
this simulated diary is 0.00356 mg/kg/day, or 548% of the aPAD. Under the eating occasion approach, the maximum cumulative exposure with a 
two hour half-life is 0.000773 mg/kg, or 119% of the aPAD. 

DirectDW 118.3 0.00633 0.00075 0.00021 5.80% With a two hour half-life: 

IndirectDW 1926.1 0.00633 0.01219 0.00336 94.20% 

Total Daily Total~ 0.00356 100% 

Discount Rate~ (0.5Y'(TimeDiff/120) 
Discounted Exposure(t) ~ Cumulative Exposure(t-1) x Disc Rate 

548% 

HHID-SPNUM-DA Y~26837-3-2, Bwt~3.63 kg, SIM N~I of 119. 

Indirect DW 214 0.00633 240 0.00037 0.00037 240 3.72E-04 

Indirect DW 214 0.00633 360 0.00037 0.00041 360 120 0.50 l.86E-04 5.94E-04 

Direct DW 19.7 0.00633 360 0.00003 0.00037 480 120 0.50 2.97E-04 6.69E-04 

IndirectDW 214 0.00633 480 0.00037 0.00003 540 60 0.71 4.73E-04 5.06E-04 

DirectDW 2 19.7 0.00633 540 0.00003 0.00037 600 60 0.71 3.58E-04 7.30E-04 

Indirect DW 214 0.00633 600 0.00037 0.00041 720 ]20 0.50 3.65E-04 7.73E-04 

Indirect DW 214 0.00633 720 0.00037 0.00037 840 ]20 0.50 3.86E-04 7.58E-04 

DirectDW 3 19.7 0.00633 720 0.00003 0.00003 900 60 0.71 5.36E-04 5.69E-04 

Indirect DW 214 0.00633 840 0.00037 0.00041 1080 180 0.35 2.0lE-04 6.09E-04 

DirectDW 4 19.7 0.00633 900 0.00003 0.00037 1200 120 0.50 3.04E-04 6.76E-04 

Indirect DW 214 0.00633 1080 0.00037 0.00003 1260 60 0.71 4.78E-04 5.llE-04 

Direct DW 5 19.7 0.00633 1080 0.00003 0.00037 1320 60 0.71 3.62E-04 7.33E-04 

IndirectDW 214 0.00633 1200 0.00037 0.00356 =sum max= 7.73E-04 

DirectDW 6 19.7 0.00633 1260 0.00003 548% 119% 

Indirect DW 214 0.00633 1320 0.00037 Eating occasion exposures/risks calculated for each simulated person-day diary 
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Fi ure 4a. Plot of Total Dail and Maximum Cumulative Eatin Occasion Ex osures 
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Figure 3 illustrates how eating occasion estimates were computed from the DEEM CEC output. 
Data on the timing and amounts of foods and indirect drinking water•····•· throughout the 
day are extracted from the CSFII food diaries, and merged into the respective DEEM CEC 
diaries to obtain eating occasion estimates ........................................................................... • .................................................... .. 

Assumptions are required on the timing and amounts of.direct 
.-.. ·~·~•o water consumption throughout the day since: 

: .. :.:.::.:: ....... :.: .. :.:.· ..... : ..... :.: ... :.:.·.: ... • .. :.: .... : .... ·----is not available in CSFII. One option, depicted here, is lo evenly 
allocate the total amount over the day on 6 fixed events: 240 minutes after midnight or! r. am, 9 
am, 12 noon, 3 pm, 6 pm, and 9 pm. Sensitivity analyses for using two other options for 
allocating Direct Drinking Water consumption throughout the day are presented in Section III. 
The total daily exposure for this particular simulated diary is 0.00356 mg/kg/day, or 548% of the 
aPAD, while the maximum cumulative exposure with a two hour half-life is 0.000773 mg/kg, or 
119% of the aP AD under the eating occasion approach . 

........... , •. :.•:L··•:.l the maximum cumulative exposure . .':·•·••· .......................... each eating occasion for 
each simulated person-day diary in the DEEM CEC report (Top 5 percentile). Figure 4a 
illustrates the total daily exposure values for these top 5 percent of simulated diaries, together 
with the paired eating occasion values. Re.sorting the eating occasion values enables us to 
calculate the 99.9th percentile for the DEEM-based eating occasion analyses, as depicted in 
Figure 4b; the two distributions are overlapped and plotted over the per capita percentiles. 
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b Stochastic Human Exposure and Dose Simulation (SHEDS) Model 

For the NMC CRA, the Office of Pesticide Programs ;:•.• · • •··· ·• .! a version of SHEDS(· · · 
that utilized the two-day CSFII respondents as its reference population, fixed the 

number of 'iterations' that each diary was used in a simulation to the same frequency, and 
utilized the conesponding USDA CSFII sampling weights to calculate per capita exposures and 
risks .. : .... -...:....: .......... ;, .................. •.•···••·• .. ··•i· .: ... , restricL:.) the method for drawing 
anticipated food residues in the Monte Carlo simulations to the standard approach used by the 
other models (DEEM-FCTD, Calendex, Lifeline and CARES) ................................................................................. . 

Table 6 compares the use of the CSFII data by SHEDS-NMC and 
DEEM-FCID. This conformity enables us to use SHEDS-NMC and focus upon the effects of 
accounting for eating occasions, without complicating this detailed intra-day analyses with other 
differences in modeling design. The result is that for acute dietary risk assessment, SHEDS
NMC produces similar 'total daily' results as DEEM-FCID, CARES and Lifeline, in addition to 
producing eating occasion results. Table 7 presents the baseline figures from DEEM and 
SHEDS of total daily exposure (o/oaP AD) at the per capita 99 .9th percentile. 

Table 6 Comparison of SHEDS-NMC and DEEM-FCID 
Variable DEEM-FCID (2.2) SHEDS-NMC 

#Diaries Used (RefPop) (CSFII 2-Day) (CSFII 2-Day) 
Food Only 41,214 41,214 

Foocl+Water 40,476 41,214 

Model Weights 
CSFII 2-Day CSFIJ 2-Day 

(Per capita 99.9th) 

Frequency 
User Specified User Specified 

Used in MC simulations 
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Data Available 
For Eating Occasion 
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USPop 35% 119% 74% 39% 68% 

All Infants 42% 285% 168% 53% 154% 

Children 1-2 yrs 77% 145% 98% 80% 92% 

Children 3-5 yrs 64% 135% 93% 66% 88% 

Children 6-12 yrs 50% 87% 60% 49% 57% 

Youth 13-19 yrs 30% 91% 58% 33% 52% 

Adults 20-49 yTs 30% 94% 58% 32% 53% 

USPop 37% 116% 73% 39% 67% 

All Infants 41% 278% 160% 53% 148% 

Children 1-2 yTs 82% 144% 99% 84% 94% 

Children 3-5 yTs 60% 131% 91% 62% 84% 

Children 6-12 yrs 45% 84% 58% 47% 55% 

Youth 13-19 yTs 32% 88% 58% 33% 52% 

Adults 20-49 yrs 31% 91% 57% 32% 52% 

Adults 50+ yrs 33% 70% 48% 35% 45% 

USPop 0.96 1.03 1.02 1.00 1.02 

All Infants 1.01 1.02 1.05 1.00 1.04 

Children 1-2 yrs 0.94 1.01 0.99 0.95 0.98 

Children 3-5 yrs 1.07 1.03 1.03 1.07 1.05 

Children 6-12 yrs 1.09 1.04 1.03 1.03 1.04 

Youth 13-19 yrs 0.92 1.02 0.99 0.99 1.00 

Adults 20-49 yrs 0.98 1.03 1.01 1.00 1.02 

Adults 50 i- yrs 1.04 1.03 1.03 1.01 1.02 

Females 13-49 yrs 0.97 1.02 1.00 0.97 1.00 
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Comparison of ¾PAD from Aldicarb (Food+Water) Exposure for Infant by Half-life (hours) 
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IV. Drinking Water Consumption Patterns 

a CSFII Data 

As noted in Section 11 above, the relatively high contributions from drinking water in some 
scenarios is due to high amounts of consumption among infants and toddlers . 

. /)rinking water intake differs between these two subpopulations , even among 
newborns versus 6-12 month old 'infants' infants receive much ofthei.r 
exposures from indirect drinking water, generally vi.a formula intake, while toddlers receive 
much of their drinking water exposures through consumption of direct drinking water, as well as 
indirect drinking water. 

Figures 6a and 6b plot drinking water consumption from the CSFII/FCID data base, by age 
group, in mL/day and mL/kg bwt/day, respectively. Similarly, Figures 6a and 6b plots drinking 
water consumption, by age group, in mL/day and mL/kg bwl/day, respectively. As Figure 6b 
depicts, infants tend to have higher overall drinking water consumption rates (mL/kg bwt/day) 
than children, which in turn, tend to have higher consumption rates than adults. Figure 6a 
depicts some outliers in reported drinking water consumption amounts. For example, one 
teenager (HHID-SPNUM-DA Y: 22749-3-1) reported consuming over 20 Liters/day ( direct), 
while a few people reported consuming more than 10 Liters/day, some via b,everages (indirect). 
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Figure 6a. Figure 6b. 

There are a few significant consumers among infants and toddlers (lto2 yr olds). Figure 6c 
depicts the high end, in particular, newborn infants that weighed less than 4 kg, and 
consumed nearly 2 iters of water (primarily through formula). A preliminary inspection of 
these food diaries indicate that a set amount of formula was reportedly prepared and consumed 
by the infants on multiple occasions throughout the day. The first infant diary (28892-2-1) was a 
newborn (0 month old) weighing 3 .2 kg, indicated that a total of 8 oz of formula ( 6 ounces 
consumed directly+ 2 oz used to prepare 0.25 cup of dry rice cereal) was prepared and 
consumed at 8:00 am, 9:30, 11, 1 :30, 4:30, 6:00, 10 and 11 :30 pm; an additional 4 oz of formula 
alone was prepared/consumed at 1:00 am. The second infant-dairy (26837-3-2) was a one 
month old that weighed 3.6 kg, and consumed 8 oz of formula at 4:00 am, 6, 8, 10, 12, 2, 6, 8 
and 10pm. 
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Sensitivity Analyses 

To evaluate the robustness of the results for the infant subpopulation, we conducted some 
sensitivity analyses using both SHEDS and the DEEM-based approach, in one case, reducing the 
reported amounts consumed by 50 percent, and in the other case, dropping these diaries 
altogether. We found that the results did nol change considerably in either analyses, even when 
the reported amounts consumed was reduced for an expanded set (top five) •Jdiaries. 

b Bayer Drinking Water Consumption Survey (Direct) 

As noted above. :; ... ·••· ••·•!•.:. the USDA CSFII collected infonnation on only the 
total amount during the survey date; it did not collect 
information on the : ••• ··· • ••• amounts and timing of drinking water . ., ·· · 
throughout the day. For newborn infants, indirect drinking water (via formula) is their primarily 
source of water consumption; and that information is available in the CSFII. But the primary 
source of water intake for many toddlers, older children and adults is direct drinking water. To 
address this deficit, Bayer Crop Science sponsored a study : • · 

"Drinking Water Consumption Survey" ••• · 
· · · · • · • •·••·•• ·• • \ and submitted their report and the raw data to the Agency. The objective of this 
study was to obtain a distribution of water intake for a 24-hour time - ......................... nationally 
representative sample of the US :, ! ·opulation. Participants recorded their direct drinking waler 
consumption (time of day and amount consumed) over.: one-week (7 day·:) period 
c .. J .... •· •······ •······· Summer 2000 (August), and Winter 2001 (March). A total of 4,198 
individuals from 2,154 households participated in the survey providing a total of27,282 person
day diaries, i.e., 93% of the total :.O:f all participants returned.\::: •·· \•• all 7 days. 

According to the report (Barraj, L.M. et.al. (2004), Exponent®, Inc.; National Product Database 
(NPD) Group), one of the potential uses of these data is lo refine a probabilistic exposure 
assessment: 

"It may be possible, using the information collected by the D WCS to "allocate" the total 
dail)J water consumption amount reported in the CSFII into various drinking occasions. 
Specifically, if each subject in the CSF'JJ survey was randomly matched lo subjects in the 
D WCS, based on survey season, region, age, gender, and total amount of drinking water 
consumed per day, then the total amount reported by that CSF'JJ participant can be allocated 
to the same number of drinking occasions as those reported by the matching D WCS 
participant. Similarly, the proportion of the total daily water consumption allocated to each 
of these drinking occasions can be assumed to be similar to that reported by the matching 
DWCSparticipant. This approach would then allow a less than 24-hour assessment of both 
food and drinking water (aggregate assessment) for a pesticide." (Bayer 2005, p.17) 

Figures 7a and 7b were taken from DWCS report (Barraj, L.M. et.al, 2004). Figure 7a depicts 
the total number of occasions that survey respondents reported consuming ( direct) drinking water 
throughout the day. The •·• 0

• ··•• •· • . .J.J::support the expectation that drinking water is 
consumed throughout the day, and that an eating occasion analyses may be useful in refining a 
dietary risk assessment for aldicarb. 
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}"igure 7a Total Number of Occasious of Direct Driukiug Water Cousumptiou 
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Figure 7b indicates that individuals consume drinking waler al all times during the day. While 
this chart may lend support to the modeling assumption used for direct drinking water (6 equally 
fixed limes), it is not directly applicable since this distribution applies to the entire population, 
and not to any particular individual. 

c Sensitivity Analyses on Direct Drinking Water Consumption (Bayer data) 

Table 10 Total Number of Diaries in Bayer DWCS 

157 
1&7 97 
125 198 

Total 292 170 
Mefo 132 81 213 

3yrs Ferne.le 151 
Total 283 170 453 

128 191 
4yrs 149 98 

Total 277 1 G1 '138 
108 250 

Syrs Fernde 61 83 130 
Tote.I 200 1 72 380 

1.0P 
&·12yrs Fern?.lle fi24 457 UJ81 

Tob.l 1,287 861 2,148 
fk,0.e 491 322 

13-19yri Female 577 368 945 

2:J-49 yrs Female 4.o:36 2,544 G.580 
Tot?.11 fi907 4.543 11450 
Meh, L975 lG88 1663 

Ferne.le 331? 2,717 6049 
Total 5307 4405 9.712 
LfoJe,;; 6)%6 4,391 11_557 

Grand Total ,____F_·e_rr_1a_ie_t_-<----__ B,_1 _9"t_., ___,__----'B,_4'._30_,____15"'"·,1_3-,_'5 _ _, 
Total 15.863 1 t32S 27,192 

Table 10 indicates the total number of drinking water diaries in the DWCS by gender, age and 
season. This provide(. · ,. ,.,./!, an alternative approach to allocating direct drinking water 
consumption, rather than the six equally fixed occasions noted above. The procedure used to 
incorporate these data were: 
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Generate cohort by gender, age, season (36 bins in Table 10) 
Calculate percentage of direct DW by each E.O. 
Merge total DW from CSFII with Bayer DW data 
Use Total DW from CSFII and percentage of DW from Bayer DW data lo calculate DW 
amount for each O.E. (occ_time from Bayer data) 
There is no data for infant to implement option C 

Table 11 compares the results of this alternative allocation of direct drinking water consumption 
with the six equally fixed approach. For infants, the results are the same since there were no 
infant diaries in the DWCS 

; but as noted above, it is 
indirect drinking water which contributes to exposures for this infant subpopulation. As the two 
estimates indicate, the risks at the per capita 99.9th percentile appears to be relatively robust with 
respect to the allocation of direct drinking water consumption over the day. 

Table 10. SHEDS Estimated EO Risk at Per Capita 99.9th Percentile 

US Population 35% 55% 42% 36% 41% 
Infants 41% 139% 85~'o 42%, 77°/o 
1-2 yrs 77% 91% 80~'o 78%, 79~'o 
3-5 yrs 57% 71% 6l~'o 57%, 60~'o 
6-12 yrs 43% 46% 44~'o 43%, 44~'o 
13-19 yrs 31% 44% 34~'o 31%, 33~'o 
20-49 yrs 30% 52% 37~'o 30%, 36~'o 
50Plus 32% 45% 36~'o 33%, 35~'o 
Females 13-49 yrs 30% 50% 37~'o 30%, 36~'o 
2 hr Half-Life, Direcl DW Consumption: Bayer D\VCS 

US Population 35%, 66% 46% 36% 44% 
Infants 41%, 139% 82% 42% 78% 
1-2 yrs 77°/o 100% 81% 78% 80% 
3-5 yrs 57% 101% 72% 58% 71% 
6-12 )'TS 43% 62% 46% 44% 45% 
13-19 )TS 31% 53% 37% 31% 36~0 

20-49 )TS 30% 64% 43% 30% 41% 
50Plus 32% 46% 36% 33% 35~0 

Females 13-49 )TS 30% 55% 39% 30% 37~0 
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V. Risk Characterization & Summary 

: .. ,., ... :. J1is memo.: .. :,::,'·· ,·, ·, .... ,.,:.,.· .. .':,.:,., ... -,,, summarize:·: d · · · • ,.::.:;.:.,. dietary exposure modeling for aldicarb 
eating occasions using both the DEEM-FClD and the SHEDS-NMC models. 

• Like DEEM-FCID, SHEDS-NMC was designed to utilize the CSFII two day diaries as its 
primary reference population; this leads to the similar results between the two models 

• We can use the DEEM outputs (along with data from the USDA CSFII food diaries) to 
compute an Eating Occasion-based estimate; while this approach has a few limitations 
relative to SHEDS-NMC, it produces reasonably accurate results. 

• The estimated risks under an eating occasions ~nnn,~,·11 ·······························'·············································· 

::-: ' be significantly lower than the total daily approach to the extent that exposures, 
in particular, drinking waler exposures occur tln·oughout the 

• : fnfanL: exposures ,.,...-
to their higher rates of drinking water consumption 

• A few infant food diaries may be 
preliminary sensitivity analyses indicates 
percentile ::: .- , · relatively robust to these ____ ,, __ " ....... :.,:.:,:, .. ,.,:,::, .. ,.,.: ... . 
diaries, or reducing the amounts consumed by fifty percent has 
tl1e estimated risks. 

tour 
_9th 

these 

• The CSFII did not collect information on the timing of Direct Drinking Water intake. 
Any allocation of this total amount, as reported by the CSFII respondents, needs to be 
modeled either by a simple example (e.g., 6 equally fixed times), or by use of survey 
data. 

• We empirically utilized the Bayer sponsored DWCS data to produce an alternative 
method for allocating drinking water intake throughout the day. The corresponding 
exposures and risks at the per capita 99.9th percentile did not change relative to the simple 
assumption that was initially utilized. 
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